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ABSTRACT 
The Tomales-Bodega Bay catch this season was from northern 
Bodega Bay, and the possibility that this season's catch 
may be from a different stock must be considered. 
In the Tomales-Bodega Bay area, +through 8-yr-old herring, 
Clupea pallasi, comprised 89% by number of the 1989-90 
season's gill net catch. 
Recruitment of the 1986 year class (4-yr olds) was relatively 
poor, comprising only 9% of the gill net catch by number. 
Average length of the Tomales-Bodega Bay area gill net 
catch increased to 204 mm BL because the number of 3- and 
4-yr olds in the catch decreased to 11%, the lowest level 
since the 1982-83 season. 
The average weight at age of 4-through 8-yr-old herring did 
not change significantly this season. 
In San Francisco Bay, for the first time since the 1982-83 
season, 5-, 6-, and 7-yr-old herring were the dominant age 
groups comprising 79% by number of the gill net catch. This 
reverses a trend toward younger and smaller herring in the 
gill net catch. 
The average length of herring in the San Francisco Bay gill 
net catch increased to 196 nun BL. 
The change in the size and age composition is attributed to 
better enforcement of the 2 1/8 in. gill net mesh regulation. 
. , 
The sex ratio of the gill net catch also improved. 
Females comprised 53% of the catch in both San Francisco and 
Tomales bays. 
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IJ Marine Resources Administrative Report No. 90-12. 
2J Marine Resources Division, 2201 Garden Road, Monterey, 
California 93940. 
ACKNOWLEDGMENTS 
I wish t o  thank  Debbie Epperson, Karen Haberman, K i m  Suryan,  
and Rober t  Suryan f o r  c o l l e c t i n g  and p roces s ing  h e r r i n g  d u r i n g  
t h e  season.  
INTRODUCTION 
The Department began monitoring the age, size, and sex 
composition of the Pacific herring, Clu~ea ~allasi, roe fishery 
catch in Tomales and San Francisco Bays in 1973. Spratt (1981, 
1982, 1983, 1984, 1985, 1986, 1987, 1988, and 1989a) reported on 
data collected by sampling the herring roe fishery from 1973 
through 1989-90. This report continues the seasonal series 
of reports through the 1989-90 season. 
METHODS 
Sampling 
Sampling was again restricted to the gill net catch during 
the 1989-90 season. Wendell and Oda (1990) will report on the age 
and size composition of the San Francisco Bay herring population. 
In the Tomales-Bodega Bay area, herring were collected at 
off-loading sites in Bodega Harbor. In San Francisco Bay, 
herring were collected at Sausalito and San Francisco. Up to 
four samples were taken per day in each bay, when herring were 
available. Each sample weighed 2.3 kg (5.0 lb) and was collected 
from bins or totes, after vessels unloaded. 
All samples were processed in a fresh condition and labora- 
tcry proedures have remained unchanged since the fishery began 
I n  1973 (Spratt 1981). A 1.0 kg (2.2 lb) subsample was randomly 
selected for processing. Every fish in the subsample was weighed 
to the nearest 0.1 g, measured in body length (mm BL), and 
sex and maturity were determined. Body length was used as the unit of 
netsurement because the fleshy caudal peduncle of herring makes 
the hypural plate difficult to locate. Body length was measured 
from the tip of the snout to the end of the silvery part of the 
body. Otoliths were removed for age determination and stored in 
gelatin capsules. Ages were assigned by M e  author using pre- 
viously determined criteria (Spratt 1981); otoliths were 
read at least twice before final age determinations were made. 
RESULTS 
Tomales Bay 
A total of 10 samples was collected this season and 79 
individual fish were processed. Fewer samples were collected this 
season due to the declining fishery and poor catches. 
Aqe Composition 
Herring 5-through 8-yrs old comprised 89% by number of the 
Tomales-Bodega Bay area gill net catch (Table 1). This repre- 
sented the second highest contribution of these four age groups 
to the catch in the past 10 seasons. Three-and 4-yr-old herring 
comprised only 11% of the catch by number (Table 1). 
Lenqth Composition 
The average length of herring in the 1989-90 catch in- 
creased 7 mm to 204 mm BL (Table 2). The combined average 
length of Eithrough 8-yr-old herring (Table 3) did not change 
significantly from the 1988-89 season (Spratt 1989). However, 
the reduced number of 3- and 4-yr-old herring in the 1989-90 
catch (11%) compared with the 1988-89 season (26%) resulted in 
the increase in the overall mean length. 
Weiqht Com~osition 
The mean weight-at-age of herring in the Tomales-Bodega Bay 
catch this season was average or above average, except for 4-yr- 
old herring which were 4 g below the long-term mean. This season 
the combined unweighted mean weight of 4- through 8-yr olds was 
136 g and was above the long-term mean of 134 g (Table 4). 
Sex Ratio 
-
The female to male number and biomass (weight) ratios of the 
1989-90 Tomales-Bodega Bay area catch were nearly equal (Table 
5). The percent of females in the catch was 53% by number and 
54% by weight. 
San Francisco Bay 
A total of 39 samples was collected this season and 325 
individual herring were processed. 
Aqe Com~osition 
The 1984-85 season was the first full season in which 2-1/8 
in. minimum mesh was allowed in the San Francisco Bay gill net 
fishery. Since then, 4-, 5-, and 6-3-1- olds have comprised over 
77% of the catch (Table 6). 
In the 1989-90 season there was a significant change in the 
age composition of the San Francisco Bay gill net catch. For the 
first time since the 1983-84 season 50, 6-, and 7-yr olds were 
the dominant age classes, accounting for 79% of the catch by 
number and 80% by weight (Table 6). 
Lensth Composition 
The mean lengths of 4- through 7-yr olds decreased from 1 to 
3 nun (Table 7), which were not significantly different from 1988- 
89 seasonal averages (Spratt 1989a). 
Even with the slight decrease in mean length at age, there 
was an insignificant increase of 1 mm B1 in the overall mean 
length of the gill net catch in San Francisco Bay (Table 2), 
because the catch was composed of a relatively higher percentage 
of older herring. 
Weiqht Composition 
The overall weight composition of the San Francisco Bay gill 
net catch (Table 6) paralleled that of the age composition. c he 
gill net catch was predominately 5 - ,  6-, and 7-yr-old herring 
which comprised 80% by weight of the catch. 
The mean weight of herring, unweighted for year class 
strength, in the San Francisco Bay gill net catch (Table 4 )  has 
averaged 129 g the past 3 yrs. 
Sex Ratio 
The sex ratio of the San Francisco Bay gill net catch 
improved this season (Table 5 ) ;  females composed 54% by number 
and 5 5 6  by weight of the catch. This fishery is a roe fishery, 
and tk2 value of the catch is directly proportional to the per- 
. . 
centage of females in the catch. 
DISCUSSION 
Tomales Bay 
In the 1988-89 and 1989-90 seasons spawning escapement in 
Tomales Bay was very low, 167 tons and 345 tons, respectively 
(Spratt 1989b, 1990); catches were taken exclusively from Bodega 
Bay. It is possible that herring spawning in Bodega Bay may be a 
separate stock and that catch data from both seasons may not be 
representative of Tomales Bay herring. However, no comparative 
data was availale from Tomales Bay. 
The shift to a catch dominated by older herring was unexpect- 
ed this season. In the past, the population was at or above long 
term levels when this happened, and the change in age composition 
was attributed to mesh size or time of the season when the herr- 
ing were caught. However, the Tomales-Bodega Bay area herring 
population is now at or near a historic low level (Spratt 1990). 
A decline in biomass of the magnitude indicated should have 
had an effect on the age and size composition of the catch. 
Density-dependent factors such as length at age and weight at age 
should have been affected; and the age composition of the catch 
should have shifted to younger herring reflecting the loss of 
older age classes through increased fishing mortality. There 
were insignificant increases in length at age and weight at age, 
while the overall age composition shifted to older herring rather 
than younger herring. Therefore, the low numbers of 3- and 4-yr- 
old herring in the catch may not indicate poor recruitment of the 
1986 and 1987 year classes but recruitment of these year classes 
to another spawning area. The fact that there has not been a 
significant change in the biological characteristics of the 
Tomales-Bodega Bay area catch supports the concep of stock 
movement. 
San Francisco Bay 
The San Francisco Bay herring biomass increased from 1983-84 
to 1987-88 but has leveled off at around 70,000 tons since that 
time (spratt 1990). The 1987 and 1988 year classes have been 
relatively average and not strong enough to maintain the 
increasing biomass trend of the mid 1980'6. Three dominant year 
classes (1983, 1984, and 1985) were expected to be well 
represented in the 1989-90 catch. However, there was a change in 
the method of measuring gill net mesh size that affected the age 
composition of the catch. Stainless steel net gauges were re- 
placed by flexible plastic net gauges. Stainless steel gauges 
caused monofilament net material to stretch. Undersized nets 
could be measured as legal, because they would stretch more than 
1/8 in. With a plastic net gauge, if a net was less than 2-1/8 
in. mesh, the net gauge would remain flexed rather than stretching 
the net material. If the net gauge remained flexed, while 
inserted in the mesh, the net was illegal. This method of 
measuring nets resulted in better enforcement of gill net mesh 
regulations and probably reduced the amount of undersized mesh 
nets used in the fishery. It also was a factor in the change in 
age composition of the catch that occurred this season. 
CONCLUSION 
The Tomales Bay herring spawning biomass which fluctuated 
erratically from 1984 to 1987 declined to very low levels in 1989 
and 1990. The low spawning escapement does not necessarily mean 
the biomass has declined sharply. The stable age and size 
composition of the catch during this time suggested the 
population has not declined but has moved to another spawning 
area. The suspected change in the distribution of the Tomales 
Bay population was attributed to the drought conditions in 
California over the past 4 yrs. Due to the reduced spawning 
escapement, restrictions on the Tomales Bay fishery should remain 
in effect until spawning escapement improves. 
The San Francico Bay herring population has benefitted from 
five good year classes (1982 to 1986), and the 1987 and 1988 
year classes have been average. Based on the age and size 
composition of the catch this season the population is healthy 
and no significant changes in abundance are expected in the near 
future. 
The relationships between California's herring spawning 
areas remains unresolved. We have assumed each spawning area -:. 
contains a separate stock for management purposes. The concept 
of separate stock management or area management is valid. In the 
future, if it is determined that Tomales Bay and San ~ranci'sco 
Bay herring are one homogeneous stock, the two bays should remain 
under separate management measures to protect their ecosystems. 
Quotas should remain proportional to the biomass of herring 
utilizing each bay. 
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TABLE 1. Age and Weight Composition of the Tomales Bay Gill Net 
Catch, 1980-81 through 1989-90 Seasons. 
Age (years) 
2 3 4 5 6 7 8 9 
................................................................. 
1980-81 season 
Percent by number - - 3 10 30 33 15 7 2 
Percent by weight - 2 8 28 34 17 8 - 2  
................................................................. 
1981-82 season 
Percent by number - 2 ' 8  21 28 25 13 3 
Percent by weight - 1 6 22 27 26 14 4 
................................................................. 
1982-83 season 
Percent by number - - 4 24 34 24 11 3 
Percent by weight - - 3 21 33 25 13 5 
................................................................. 
1983-84 season 
Percent by number - - 13 36 35 11 2 3 
Percent by weight - - 10 34 36 13 3 4 
................................................................. 
1984-85 season 
Percent by number 1 6 13 27 33 15 4 ' 1  
Percent by weight 1 5 11 25 35 17 5 1 
1985-86 season 
Percent by number - 14 25 27 18 10 5 1 
Percent by weight - 11 23 27 20 12 6 1 
................................................................. 
1986-87 season 
Percent by number - 4 20 38 27 6 3 2 
Percent by weight - 3 17 37 29 7 4 3 
................................................................. 
1987-88 season 
Percent by number - <1 11 31 34 18 4 <2 
Fercent by weight - <1 9 28 34 21 5 2 
................................................................. 
1988-89 season 
Percent by number - 4 22 33 28 9 3 1 
Percent by weight - 3 18 30 31 12 4 2 
1989-90 season 
Percent by number - 2 9 18 37 26 8 - 
Percent by weight - 2 7 16 36 31 10 - 
.................................................................. 
TABLE 2.  Mean Length of Pacific Herring from Tomales and San 
Francisco Bay Roe Fisheries, 1972-73 through 1989-90 
Seasons. 
Tomales Bay San Francisco Bay 
------------------- ......................... 
Gill net Round haul 
................................ 
Mean Mean Mean 
length Size length Size length Size 
Season mm BL range 'mm BL range mm BL range 
................................................................. 
1977-78 217 194-248 211 178-236 178 144-232 
1978-79 No Samples 203 164-234 183 146-222 
1979-80 214 196-236 208 184-230 180 148-220 
1980-81 208 172-234 205 170-236 178 150-226 
1981-82 211 176-236 201 160-228 177 148-226 
Note. Tomales Bay has been restricted to gill nets only since 
1977. The 1984-85 season was the first full season in 
which 2-1/8 inmesh was allowed in the San Francisco Bay 
gill net fishery. In 1988-89 season there was an increase 
in the use of 2 in,mesh gill nets in San Francisco Bay. 
These nets measured a legal 2-1/8 in,because the light 
net material stretched easily when measured. 
TABLE 3 .  Length Frequency of t f A e  Tomales Bay Gill Ket Catch i n  t h e  
1989-90 Season. 
St. dev. - 1.4 2.3 7.3 5.7 4.1 3.1 - 
................................................................. 
TABLE 4 .  Mean Weight (g) a t  Age of Herring i n  t h e  Gill N e t  





Season 2 3 4 5 6 7 8 9 mean* 
Unwted. * 
mean 74 89 105 119 133 149 164 17 3 134 
San F r a n c i s c o  Bay 
Age 
Unwted 
Season 2 3 4 5 6 7 8 9 mean* 
........................................................................ 
1979-80 - - 126 132 144 151 150 178 141 
1980-81 - 95 105 118 125 136 150 - 127 
19P1-82  74 88 110 122 137 153 170 17 2 138 
i982-83 - 83 101 113 127 144 156 169 128 
1983-84 - - 69 103 115 124 137 143 110 
1984-85 61 95 104 115 129 140 14 5 181 127 
1985-86 71 107 116 128 135 136 151 - 133 
13E6-87 77 98 107 121 135 139 169 172 134 
1987-88 61 88 100 111 127 141 159 176 126 
1985-89 75 90 99 115 130 148 156 177 130 
1989-90 - 88 97 110 128 146 166 186 129 
...................................................................... 
Unwted. * 
~ e a n  69 92 103 li7 130 142 155 173 129 
........................................................................ 
* C a l c c l a t e d  from ages 4 through 8 o n l y ;  t h e y  compr i se  o v e r  95% of  t h e  
siirpl es. 
8 
TABLE 5. Female to Male Sex and Biomass (Weight) Ratios of 
the Gill Net Catch for the 1988-89 Season by Area. 
. 
Tomales Bay 
Sex ratio 1:O.g 
Biomass ratio 1:0.8 
San Francisco Bay 
Sex Ratio 1:O.g 
Biomass ratio 1:0.8 
TABLE 6. Age and Weight composition of the San Francisco Bay Gill 
Net Catch, 1980-81 through 1989-90 Seasons. 
- - - - - - - - - 
Age (years) 
2 3 4 5 6 7 8 9 
................................................................. 
1980-81 season 
Percent by number - 2 14 34 30 15 4 . 1 
Percent by weight - 2 12 33 31 16 5 1 
................................................................. 
1981-82 season 
Percent by number 1 3 15 31 29 15 5 1 
Percent by weight <1 2 13 29 30 18 7 <1 
................................................................. 
1982-83 season 
Percent by number - C1 8 32 32 18 . 8 <2 
Percent by weight - <1 6 29 33 20 9 2 
................................................................. 
1983-84 season 
Percent by number - - <1 12 48 25 11 4 
Percent by weight - - <1 10 46 26 13 5 
................................................................. 
1984-85 season 
Percent by number - 6 21 29 24 15 4 1 
Percent by weight - 5 18 28 25 18 5 1 
................................................................. 
1985-86 season 
F~rcent by number <1 13 38 26 2 3  7 3 - 
Percent by weight <1 12 36 27 14 7 4 - 
................................................................. 
1986-87 season 
Percent by number <1 7 33 37 16 4 2 <1 
Percent by weight <1 6 29 38 18 5 3 <1 
................................................................. 
1987-88 season 
Percent by number <1 4 20 36 26 9 3 <1 
Percent by weight <1 3 18 34 29 11 4 <1 
................................................................. 
1988-89 season 
Percent by number <1 3 23 32 29 9 3 <1 
Percent by weight <1 2 19 31 31 12 3 <1 
1989-90 season 
Percent by number -- 3 13 32 31 16 4 1 
Percent by weight -- 2 11 29 32 19 5 2 
................................................................. 
TABLE 7. Length Frequency of t h e  San F r a n c i s c o  Bay Gill Net Catch 
i n  the 1989-90 Season. 
St. dev. - 2.4 3.1 3.7 5.0 5.8 3.9 3.0 
................................................................. 
